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V^L. ( ITO) i.*)i^iz%^j:it^Wkmmb^h^j:h 

mia^fiiar, ^^¥5 0 0 :t>i^X h D-AA>^> 2 0 
0 0^>':rxhn-^<7)^i7) I TO^Ili: SO^V^ 
xvu—j^t^h 3 0 Oyfyi^'x ha-Ac7)|gH£r)^jai§ 

A. BE^l:^ 'J yy'y^j:t'(Ditmmmi}^4 . 6 e V J: o t 
100 0 1 1 

[00023 

[ 0 0 0 3 J «jS, ^ti^<r>--x^=^mz. ^mt^ 
mttifzmmt^'^xis'o. ^mft-^mtLxii2m 

[00041 2««jtc7)fi«li: LT{i, Hffitl^ffiiiiora 



194393. Appl. Phys. Lett. 51, 

9 1 3 ( 1 987) ) Ximmhmmb<r,m{Z^^b 

m=f-mmm t ^w^^titzmm < u s p n o . 5 . o 

85 94 7. !rt^T2-2 509 5 2. App 1 . Ph 
ys. Lett. 55. P1489 (19S9))*iib 

trz. smm^comtLxii. mmtmmtc^wiiz 
mMim t t m^mmm t iitimm. 

(Appl. Phys. Lett. 57. 531 ( 19 
90) ) T&i^l,. tfz. ^~miZ^Xcr>ikWl^mti-itti 
^@^m (Nature, 347. 539 (199 
0).Appl. Phys. Lett. 61. 761 

(19 9 2)) i>m^^M^7^xmm^iixi^^, Z 
ti^£r>m=?-m^tme . 7. s. 9i,z^^ti^^ 
[0005] meizii . «^ 1 0 ±izm.ift^titz\^m 1 
2tmmi 4 tc^mzm-cr):^mit^mmx'h^^^ 

[0006] muzii. o±izmifhittimmi 
2 1 4 b<r)^iz^m^^^mx'h^^mm 1 6 1 

iEfLUMil 1 8 1 i}m^^titz 2 ««3to^J*%$it 
[0007] 138 Kti. mWL 1 0 ±lzmif{^tlt:f^m 1 

2 tmm 14 bcomz^mit^mmx'hh^itm 1 6 1 
m=F-mmm 20 1 t^m^^ttt: 2 mmm<7)mt^ni^ti 

[0008] m9i,zii . mm.10 ±.i,zmf(>h.fz^m 1 
2tmmi 4tcDmizmmt'^mmx$>^^tm 1 6 
lEiiMmm 1 8 1 ^iM® 2 0 ijm^ ^iitzsmm 

[0009] ztii^mmmm^m'^iziiifhmc^^ 

fz%=f- 1 . lEimmm 1 s v ^tim^^ifeiiia 20^ 
ii-Lxm/tmi 6izmmL. -^zx-wt^-^-r^zbizx 

-yxmm 1 e^mm-h^mt^mcr>mm^^m 

[0010] fBtemW^i: Lxm\'^^tli,mtXt-^ 

\m^^m.it^i:^-tmmx'h h . iMSJEummm 1 8 . 
1 6 . 2 0 i,zmm^m^j:timb lx 

til. mimmmi8(DttmtLxii. ^mmsmn 

ytm^^tixi^h. 

[0011] tfz, 163^ 1 ecomnt LTti. tlTO 
59-194393. !^^6 3-295695) 
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[00 12] i^c. m.f-mmm2ocr>mmtLxii. 

^V'JTY-fmmt^m (AppI. Phys. Let 
t. 63. 2032 (1993) ) im^^tLX\,^h, 
[ 0 0 1 3 J ZtK^i&^^&cOit^miiiJ^OTti^K , 

(P-yj^-Uyii-l^y) mnmi^ (Nature. 

347. 539 (1990) mmm^com^x't 
[0014] zii^(7)m^i:mmttz^mmm^^m^ 

[00 151 

[00 161 zix±x\ n'i^£m=fmmiii:if^mt^ 

^iUm-th ^ t J: 0 , tD^WtCtiit 1 0 0 0 c d/ 

m2 <oia3S«*iit?is«jE 1 0 ymMxmf^^ixx t ^ I. 
f^^m^(^mm^tt:mi>fx v ^ . c: ct)*^*^^ 5:12 

^tttcfii^if^, OS 'om.iti^m. ( T g ) ^ii^.coisu^r 

^-^!|?!)t7)^^7!)>'|«;';^^>nT(r^^ (App 1 . Phy 
s. Lett. 6 1. 2503 ( 1 992)), 

[0017] L*>Leiff. aTcD^t^^x-m^tih^m 

lit2] 




t:WSLTU-g.C:t3&«^$ilTl^^ (App 1 . Ph 
ys. Lett. , 66. 2679 (1995) ), Z 



[00 18] -^tc, iTommc^yx.)\^^mmi4. 

6eV(Nature.Vol. 370, 354(19 

94 ) ) X'h^zti}mi^tix}i0, z<7)mtitiimmwL 

^ i^T 5 >l^^#:T^> ^h*Jyji-iU'JTS.y (TP 
D) <7}mm^^mmi5. 5eV(Appl. Phy 
s. Lett. . 61, 2503 (1992) ) X'h^ 
z t *i"»^>ti.-Cti 0 . Zcrma-S jfy-fb-K-r :xS^^yKw 

[ 0 0 1 9 1 ±^C7)T P D 2: jEfL^iSgCfieffl-r-i.^ 
lEfL^ A- 'J r {c i: Tti I T om® i: lEfL^iM® i: 

C7)ra(c$<70. 9 eVC0PfS*>'#^-r -1.^^:1:^^. ^CD 

i^^^T'^ ^ >'^t'1^ T- >- ;K50;*c § ^ Wf4i7)-^^j&<gC 

MteMcRB^*^^, tMoT. mmtini:scB:Lx , m. 

I TO J: 0 i>tt»M^cO;^t=^^Hfl«ffi^^^-r^ 

[ 0 0 2 0 ] i^, ^^m:h^miimmmcr>m.mt^tz lx 
-mmi)^mt^?>, mta, ■i:^yitr^7-yi^-f)Vifi 

5. 0 e V<7),t°'>» (P-7i-U-> t'^L-y) 

0 . 4 e ViO|5tM*i#tt^i> i t tC^^ ( N a t u r 

e. 370, 354 ( 1990) ) , 

[0021] ^mmi.±.mm<r>wmi.zm^^j:^ti.tzi> 

(7)X'h>o. ^<7)mmi. i±mmmm^co^mtinx'h 
h I TO J: 0 i^±^\'-^^wmimmmim\'^XiHimm 

mBE*i®TT'# ^Bt1±«l*iftli#ia{cMo TftftT-^ -Sit 
[0022] 

iz. mimnm<7)WBi.. ^^nxv^mt. zti(> 
izi^tixfz 1 mt.rzimwLm(r>^mit^'mmx oii«§ 

A''S!'ft^-f A ( I TO) J; 0 i^±^-^j:^m^im 

[0023] mi^m2im(7ywMt. mim i %m<7y^ 
mmm^m'f-\.zii\.^x . mmmm^. wsoo^y 

i/X hQ-A*>/i> 2 0 0 O^ry^rx ha-A<:7)liHo I 

TOmmt3 0:^yyxhu—M.i)^C:,3 0 0:^y'/Xh 

[00241 mim 3 iEi35<o%HB(4 . If ^Ji 1 wm^ 
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[0025] m^m4 imcommii . mmm i le^co* 

[0026] imm 5 imcr>%BMii^ If 1 ie®c7)w 

[0027] m^meim<7)^mii. tmm i ie«cc^w 

[0028] m^miMmeo^mi. mmm i Mm<7)^ 
mmm^m'^iz}5\,^x . mu^mmitmi. mit^<i- 

[00 29] 

[ 0 0 3 0 ] H 1 *3?|BJ(C^S*1S^)S^^^ 



(± I T o 2 ® «jti7)«ffi b-th. z <7)m^m 2 (,z7jk 

^tlh. m2lZii\,^Xl±. OCO±(:ITO«2 2 

ijm^^tt. I TO® 2 2cr,±iz±mmimmm2 4i)- 
mm^ttx2 mmmcomt^ 1 2 *>'«fi£$ ti-c v . iaa . 

^]RB!^l:!f?I^)l2 4cD±tC{iWJgiOW^-fli-^Ji&lX|^ 

[00341 ^mi: 2mmm.t Lfzm^<7)±mmmm 

m2 4 COW^li 3 0 0 :t>-:5^;^ h a-Al5lTT*5 0 jT^- 
y^!^X h 2 0 0 0 h n— AiOliHi: 

[0035] ^^mzm^^h ztii^x'^ h^mt^m 
a. mnz^^ixt:{,(7)fmx'it^<. m^^^<7)^n 
■r^xi}<mm^tii>. tztta. lEimmmttrntLx 
li, j^^msmr^y (vsp no. 4. 175. 9 

60. USP No. 4. 539, 507. Phi 1. 
Mag. B. 53, 193 (1986)). y^xii^T 



0O±Cllffil 2f}W^^tL, Ml 2<5D±{CTPD7&^ 

tcr;P5 ^ y u ( a i q ) i 

6*i?g^$iX. ^itMl 6(r>±l,ZMgAs-a^i)^i^^h 

mmi 4/}mf^^ixx\^^^. 

[ 0 0 3 1 ] l^ffi 1 2 i: LTti. fi!5l5CO|^S«m'^) i. 

fcttii. fi-'r-'yM.mim (ruo, ) , ^ 
oyy'ymim (MoO, ) . /s:-^i^''>Agg^t:!B^) (vo 

[ 0 0 3 2 ] * 1 ^^mmitmmmcoitmmm<^ 
xmm tfzh (oxh . ^ Kc:* § fitzMmimmm 

mni.z%h^mm^%^'f-cr>^mimt Lxmrnt^ 

mx'hh. 

[0033] 

[«1] 



M 


ttwat (eV) 


RuOx 


4.9 


MoOx 


5.4 


VOX 


5.4 


rro 


4.6 



3«T 5 >'l±ii:t.Wffl^ft-^T'S)-S . ^mmM^t 

9-1 94393) . ^^-^i^Ty-zn^^iic. 
x.ymmi^. ^'JV-ymtiii. :^i-UJU^y-^ymmi^ 

(#§§¥2-247277) . y^vyymumtmf 

(Appl. Phys. Lett. 55, 1489 
(1 989)). r:5'yj:>'i^#*. ^OUymmt^^ 

^ (#^^5 9-1 94 393) hmmx^t. 
[0036] tt»reftC0/jN§ m. -7 

^:t^^">A. T;t'$-'>A. ti)Vi^^2>.. hh\^\iZiX 

mmt mmco'j'-^ Kti, ~yjim'f-<r>^^mM:mx' 
+mzmmx'hi>z t *^'Mi uk 
[0037] :^wm9^i>^mmmftm^ii. m i iz 

b'cr)^t^mu±izmimm^i> z t xm^ t Lxmm. 
^tL^. ztii^ii. mTcr)^m^. niz±%'p<r>7i(.^iz 
n-t^9mcofzMz. v-u 3 y^^ ji-mt—mz/f^^ 

•kMzmx-r^ J; -3 LT t J: V ^ , 
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me. 7. 8. 9iz^$ti?>xo'kmmt-r^zbhT 
[0039] i-:iT. ^mMizi^i>^mmmM^m^cr,m, 

[0040] 



[ 0 0 4 1 ] ^ 1 iz^.^tifz^nm^mmix:^yxm 

iti)m2iZ7f:^iXh. 
[004 2] 

im2] 









mm 

(A) 


mum 

(Qcm) 


(96) 


' mm 








RuOx 


Ru 


Ar(70%) 
+ 02(30%) 


RuOl.92 


3680 


2.7x10"^ 


10 


MoQx 


Mo03 


Ar 


Mb03 


2150 


1.2x10"2 


10 


VOX 


V205 


At 


V02.22 


1320 


10^ 


20 


ITO 


IT0(Swt%Sn02) 


Ar(99%) 
+ 02(1%) 




1720 


3.3 X 10-^ 


90 



mUiSimtl 5 0'CX\ X/N-y^?;yxjE(i:2 X 1 Q-^T 
orr (0. 27Pa) i: L^c, l> r^^^^Hi: 

^«o^fr (;<fx<7)ffi:b. j&'xc7)«Ji) izX-oX^^ 

[0043] ^3(;{4, I TObmm^±m.mmmm 
tiinmLtz. ii2{c^$nsj;3^2®«js«ffico^ 

^n'&imib^tzibi.z. SOOify'fxhu-M.i^iTlzL 
tz. iti, ITOC0JKW41 2 0 0jr>':J^Xho-Ai: 

[00 44] ^^ife^cT)^-^, mmi:2mm^t-thz 
t x\ ^<:r)mm&mi.m 2 5 Q/ntis^-r -& .r t t^x- 
^tz. ttz. m&mmi. m2i,znk^tLfz^±Kmitm 

[00451 



[*31 





(Q/D) 


<%) 


RuOx/ITO 


22.5 


60 


MoOx/ITO 


29.1 


40 


VOxrtTO 


33 


60 


rro 


20 


90 



[0046] >y9XSflLh{cllM<?!l 1 (D:fTmiZJ: 1 
5 0 O^tVi^'X ho— AOK^l:>'<^>'''>AffMA»^>^-S> 
l^ffiSTj^l^tLfc. -eol^ffiitc, K^*&{~J:0, « 
3SM^J2x 1 0 -7X0 r r ( 2. 7xlO-5Pa),^ 

5 0 0^>'^'Xha-AJgfi!cL. lEimmmtLfz, ^ 
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LT(4, KSJSl X 1 0-«To r r ( 1 . 3X 1 0"^ P 
a ) , mM&m^ 1 5 0 :t h xn-J^X-^X-M g t 
AgcT)^^ (Mg:Ag=10:l) 2rl^ 1 8 0 0 7j->' 
if'-X h o-AJg^ LTt: . 1 <ic7)Hf xtl 3 m m X 3 
mm-e<bO. 2 5mmX3 5mmi7)SM±{Cl 5<if^^ 

[0047] W±co J; ^ tf^M t7t*«fl)l?67t«^c7) 

mm^- (i>cr>^%:mmtfz tz^. mam& 3 v-c- 1 c 

oTffi^^itfc. ta^oT, lcd/m2 COJifiKAift /i>ii 

^B^i&«£E{i 3 VT'* -5 7t . . 5 VEpJp-cti 2 0 
c d/m2 <0«JK€rS^tJt, Mm^mnmBrnKl 2V 
■e30 0cd/m2 X'h->fz. 

[0048] imm 1 . h 

mLx^mtL. ^<^±.\.z, mtm2bwm<n:Hmx\ 

fflc7)*i^Srf^L/::. ^coitKfflo^^Tii, led/ 

5 VXh „ JnmiE 15VT' 5000c 

d/m2 1 OmA/cm^ 

X'cr>%immU^O . 8 5 1 m/WT'^bo7t„ dcO^^ 
(O^rni^^ 1 0 mA/c in2 coig»^f|^T-S9^L7t:i: 

ii-tcffiT-t ^ ± x<^mm ) 8 0 B#rai:-?> o tz . 
[0049] im.m 2 . ij'yxmm±t,z^m^'7^^^ v 

X3yXJ^-/ifmX'l O3 ^\5 00:^yi^XVvi— 



m.m. MgAgm«s^«^.«L, Jtsefflo^ 

T^f^LTt:, Z(r)\mm<r>m=fX'l,i.. Icd/m2 i7) 
iSSJg*^"f#<^iiS%3e^S&aff{l7 v-c, fia^j^tiEpJn 
W± 1 5 V-C-4 0 0 0c d/mi X'h-ytz. 

[0050] imms . :^'yxmwi.±izmm^'7y:^^ h 

a>xyN° /:$'j£T'Sn02 ?r 1 5 0 05i->-;5''X hn-A 

{4, 1 cd/m2 c7>3WjK7!)it#^>ni.^3^4&ffiff{47V 
-C\ fta»Jg{4QlSll^EE 1 5 V-e4 0 0 0c d/m2 T' 

[ 0 0 5 1 ] COJ: 3 tc, *Sfe0!l2 hJt^fCaj 1.2,3 

ti. ^zx\ iTommtcr>mmizX'>x^m3mi:is. 
mtfz 2mmmx<7)mmm'^}kiZ7ik-t. 
[0052] mmma . s^^vr/^-hoyxys* y^j^a 

X\ :^'yxmm±lzl 2 0 03j->'^xNa— AcoiTO 
i: 3 0 0?|-^^x ha-jUiOK^byN'^>>V7AfiM^jiM 

LTfi)cMLT2jiiiit«s (SH«ma§) immLfz. z 
cr>mm±.izmmm2 1 mmtz. jE?i^iM^^*!>5 o o^!- 

>j?-XNn-A, %7feii^*^5 0 0^>i?'Xhn-A, 
MgAgm®Sr*^l 8 0 O^ty^'Xho— A^MLTW 

^Mi&SEi:^3te^^$-jl!^t^c^l|*ia4 iz^^ti 

[0053] 
[«41 



mmtA 
mmms 



vox/rro 

RuOx>1TO 

MoOx4TO 
ITO 



ftntssm^m (V) 



3 
3.5 
3^ 



mi4iz^.^ixhXoiz, z(r,m^<^^mikm&ii3v 

X'h-otz, ttz. ia5lc^§ii§J;a{c. Jbiri)^5Vay 
max- 10 0c d/m2 i>iO»]gASS^$il/i. SSJ^ 
JS{4 1 2 V-C5 0 0 0 c d/m2 T'S) 0 , IB^^W 
0. 9 2 1 m/W (fgtWisiil OmA/cm^ ) T'^o 
J^Co <lc7)«^<J5¥j^^^S:l OmA/cm^ cOlBi!l^ff^ 
•eai^LJttC:^. ia4tcs^$iiSJ:dtc. 100^^ 
iyjiT'J)o/::<. iTO(r)?).im\<^fzm^i<z<h^. 

i&\^mms.x'^\,^mu3^mxh^^^mi>^m^ 



0.92 
0.85 
0.80 

0.85 



[ 0 0 5 4 ] stc, mw^i-'j'^j^nm^ i o o^y^ 
[0055] mwmA . ti'=7xmm.±.^z 1 4 o o^r^r 

X h o— ACO I TO i; 3 0 0 ^^^^/X h Q— AiOKit;!^ 

7^^^A^ii$:i^L7t2Sfiijt«ffi«o±tc, mm2 

tmrniz. jE7L»iS«^*^;5 0 0^yiJ^xhn-A, ^ 
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8 0 o:^y^x h D-A^ Lx^mmm^m=Fi:i^ 

Lfz. 

[ 0 0 5 6 3 ^4 iz^.^ixh X O (C, Z.cr>m=?-cr>^icm 

/m2 commmm$titz (ii4) . ^^mmuo. s 

5 1 mywX'h-yfc, 

[00573 ^HJfeWctSt^-CtS. mitfl-r'-^J'^com 

[0 0 5 83 ll*feCa|5. 12003j-> 
h o— ACT) I TO i: 3 0 0 5}->'rx h o— AOKfl: 

^mLx^mmm^^m'f^imL. mmmstmm 

(00 5 93 ^4 (C^$ix^ idle, ■icr)m^<r>^^ 

ithmmis. 5v-(:\ Ensii«ffi5v-c{i3 0cd/m2 
[00603 mmme . mz^ ±mmm *»^>. 

(006 1 3 03 tea, *ll)tepiJl:f^^*<lfiM»3t« 

±tc. l!fl:;^T•-'>A$^ 15 0 03r>'^^xhc3-A^ig 

LTi^^i 2^ t. 'fcT)^^, mmm2 tmmiz^ m 
^j^ui 1 8 t^ii 1 6 1 ^*^«L/L% gf^tc , m 



W^^X'h ^ /^i6M g A g ^SSffiOiS^ J: 0 1 3 ^ h 7 
[00633 

iiaA*^'^^ i: ^ 0 , fit ^epjDll iET*^ IBi!i*i^|g i: 
(llfflOlS#^giBB3 

[013 *^Hatcf^ s ^mmmmm={-<^mmmx'h 

[023 *5^B«Cf^ S 2 ifmit «ffi(7)Bfrffillt:'*> . 
(113 3 *^HJC^SIlS&*»<b3t^IXOii5-r^^M 

^^■tmxhh. 
-mxhh. 

(116 3 #®«itc?)W^f«)^^3^iS^^cr)Braaia-e*> 
(073 jETLffeM® ^*-r ^ 2 ii*iitW^^I^^* 

(08 3 s-^-r^ 2 «mJt*^»lg5B^« 

=t(rmmmx'^h. 

(093 3 e«itiO W^fW^^^t*^ cOiiM0T'*) 



[00623 :L<r)m=f-x. m\Dv^=~^hmm (i^® i 

2 ) tCiE<0«ffS:9UDL. K-ffcffiTD^fii (1^1 4 ) ^ 



1 0 1 2 1 4 Ptffi, 

18 m^Ms. 2 0 m^^ii^, 
€.2 4 ^m^mmm. 



1 6 
22 



I TO 



(01 3 



[023 




3t 



MgAgme 

AlqM 

(^3t®) 1 6 

TPDS 



1 2 
1 0 



1 2 



(I 



' (3 0 0 AtiT) 
~ I TO 2 2 
1 0 
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(8) 




[US] 



.iE?L!aj^® 1 8 

(Mm 1 2 



1 0 



[I14] 



0.B 

IS 

^ a6 

0.2 



1 ffilii^^^: 


10 mA/cm^ 
— • • • 


▲ 


rro 


• 


VOx/TTO 


■ 

1- 1 . 1 1 L_ 


MoOx/ITO 

1 



20 40 60 80 



100 



[1151 



me] 



E 



10000 








1000 








100 








10 




{ f ▲ 


rro 






f ♦ 


RuOx/rro 






/ ■ 


Moox/rro 






I • 


VOX/ITO 


1 









5 10 

wsmSi (V) 

[137 1 



15 



1 4 

— 5S3tJB 1 6 
^ 1 0 




1 4 

^ 2 0 

• 1 6 

-^iE?L»^ 1 8 
"^KS 1 2 
'^»*S 1 0 





ma] 

^um 14 

S^^ISiMB 2 0 

IT 

3E3tjB l 5 

US 12 
1 0 



lEST 
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